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In a monocentric, double-blind, randomized trial, we examined the safety and pharmacokinetic profile of a
new, pasteurized, human tetanus immunoglobulin (P-HTIG). As part of the purification process, P-HTIG has
undergone a heat treatment step (10 h at 60°C) and the removal of Merthiolate. Forty-eight adults with a
history of tetanus vaccination were randomized into four groups (n = 12 per group) to receive one of two
different batches of this P-HTIG simultaneously with either tetanus-diphtheria (Td) vaccine (sham, postex-
posure prophylaxis of tetanus) or placebo. Local reactions at the injection site were followed for the first 3 days
after injection, and systemic reactions were followed during the entire study period, i.e., up to 42 days
posttreatment. Blood samples for tetanus antibody titer determination (enzyme-linked immunosorbent assay
method) were drawn prior to treatment on day 0 and on days 1, 2, 3, 7, 14, 21, 28, 35, and 42. A normalization
of tetanus antibody titers (subtraction of the day 0 value for each subject at each time period) was performed
to assess the additive effect of P-HTIG on tetanus antibody titers. The pharmacokinetic parameters were
determined by both a compartmental analysis (modelization) and a noncompartmental analysis. No severe
adverse reactions were reported. The rate of local reactions at the P-HTIG injection site was 27%. All local
reactions were mild and resolved within 2 days. In contrast, local reactions at the vaccine injection site were
seen in 79% of the subjects. The rate of systemic reactions was similar in the P-HTIG plus Td vaccine group
(33%) and in the P-HTIG plus placebo group (21%), and all these reactions were mild. In the P-HTIG plus
placebo group, tetanus antibody titers rose to a maximum of 0.313 = 2.49 IU/ml after 4.4 days; in the P-HTIG
plus Td vaccine group, a maximum concentration of 15.2 *+ 2.42 IU/ml was reached 19 days postinjection. In
both groups, 100% of the patients had seroprotective levels of tetanus antibodies (=0.01 IU/ml) 2 days
following treatment. An anamnestic response to Td vaccine appeared 7 days postimmunization. In conclusion,
P-HTIG has a good safety and pharmacokinetic profile. Our results confirm that immunoglobulin should be

associated with vaccine in the treatment of tetanus-prone wounds.

Tetanus is a serious neurological disease characterized by
severe muscular spasms. It is caused by the neurotoxin pro-
duced by the anaerobic bacterium Clostridium tetani in a con-
taminated wound. Due to high rates of vaccine coverage, tet-
anus morbidity and mortality have decreased dramatically in
developed countries. However, tetanus remains a major public
health problem in most developing countries. The worldwide
annual incidence of fatal cases of tetanus has been estimated to
be close to 1 million individuals, with 80% of the fatal cases of
tetanus occurring in neonates (3, 26). In 1995 at least 450,000
deaths were due to neonatal tetanus (38). Nonneonatal tetanus
occurred in 500,000 people, with a death rate of about 40%
(26). In spite of medical control of convulsions and assisted
ventilation, the fatality rate is still elevated (range, 7 to 58%)
even in countries with high medical standards and especially in
older patients (21, 24). Prevention remains the best means of
reducing the incidence of and mortality from tetanus.

Treatment of wounds at risk for tetanus infection consists of
active immunization (vaccine), local wound management, and
passive immunization (immunoglobulin). Passive immuniza-
tion, which was initially developed at the beginning of the 20th
century, is still relevant today for prophylactic treatment of
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patients with tetanus-prone injuries whose immunity is either
incomplete or unknown. It is also used in the treatment of
patients with tetanus. The current recommendations for teta-
nus wound prophylaxis are indicated in Table 1 (4).

Specific serum was originally prepared from immunized an-
imals, but severe adverse reactions occurred, such as early
anaphylactic or late serum sickness reactions (35) related to
the use of unrefined, heterologous, crude serum. In addition, a
protective level was maintained for only 1 to 2 weeks (34), and
doses of 1,500 to 3,000 IU were required. All these issues led
to the subsequent development of human tetanus immuno-
globulins, which at its current recommended dose of 250 to 500
IU has proven to be well tolerated and provides better protec-
tive levels of circulating antibodies for much longer periods
than does heterologous immunoglobulin (34).

The human tetanus immunoglobulin (Tetaglobuline) from
Pasteur Mérieux Connaught has been manufactured for more
than 20 years from human plasma with high tetanus antibody
titers by a fractionation and purification method based on the
process of Cohn, a method with a proven capacity to eliminate
and inactivate viruses (37). To further improve safety by re-
ducing the probability of virus passage via immune globulin
administration, a pasteurization step has been added to the
manufacturing process. The bulk solution of the purified teta-
nus immunoglobulin is heated for 10 h at 58 to 60°C. In addi-
tion, Merthiolate (a preservative) was removed.

The purpose of the present study was, first, to evaluate the
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TABLE 1. Recommendations for tetanus wound prophylaxis”

Patient not immunized or partially

Type of wound immunized

Patient completely immunized, with the last booster dose received the
following no. of years earlier:

5-10 yr >10 yr

Clean, minor Begin or complete
immunization per schedule;
tetanus toxoid, 0.5 ml

In one arm, HTIG at 250 U; in
the other arm, tetanus toxoid
at 0.5 ml and complete
immunization per schedule

In one arm, HTIG at 500 U; in
the other arm, tetanus toxoid
at 0.5 ml and complete
immunization per schedule;
antibiotics

Clean, major or tetanus
prone

Tetanus prone; delayed
or incomplete
debridement

None Tetanus toxoid, 0.5 ml

In one arm, HTIG at 250 U; in the
other arm, tetanus toxoid at 0.5
ml

Tetanus toxoid, 0.5 ml

Tetanus toxoid at 0.5
ml; and in the other
arm antibiotics

In one arm, HTIG at 500 U; in the
other arm, tetanus toxoid at 0.5
ml and antibiotics

“ Data are from a previous report (4).

local and systemic safety profile of this product, pasteurized
human tetanus immunoglobulin (P-HTIG), in healthy volun-
teers. It was administered alone or as part of a sham postex-
posure prophylaxis for tetanus (i.e., concurrent administration
of P-HTIG and tetanus-diphtheria [Td] vaccine to patients
who had not received a tetanus booster in the previous 10
years). The posttreatment tetanus antibody titers were charac-
terized, and the pharmacokinetic parameters of P-HTIG,
alone or in association with the tetanus vaccine, were deter-
mined. The combined Td vaccine was used because subjects
immunized because they have a tetanus-prone wound are likely
to benefit from a diphtheria booster. Indeed, a low seropreva-
lence of diphtheria antibodies has been reported in adults (19).

MATERIALS AND METHODS

Study population. During 1995, 48 subjects were selected at INNOVEX
Biodesign, Freiburg, Germany. All subjects gave written consent after having
been informed of the nature of the trial and its potential risks. This trial was
conducted in accordance with the latest revision of the Declaration of Helsinki,
with European good clinical practices, and with local regulatory requirements.
The protocol was approved by an institutional review board (INNOVEX).

(i) Inclusion criteria. Adults ages 18 to 50 years who were of either sex and in
good health and who had no clinically significant abnormalities by medical or
clinical laboratory examination were included in the study. Each subject had a
documented history of primary immunization against tetanus (three injections),
with receipt of the last tetanus booster dose dating back at least 10 years.

(ii) Exclusion criteria. A past history of renal or hepatic disease or of an
uncontrolled coagulopathy, a positive human immunodeficiency virus, hepatitis
B virus surface antigen, or hepatitis C virus serology, a positive urine test for
pregnancy, a febrile illness (oral temperature, =37.5°C) at the time of vaccina-
tion, a history of a severe adverse reaction or allergy to any component, or
treatment with immunosuppressive therapy (including corticosteroids) within the
past month or a treatment that increases hepatic microsomal enzyme activity
prevented a subject from participating in the study.

Study design. The present study was a monocentric, double-blind, randomized
trial. During a screening visit (within the 14 days preceding treatment), the
investigators selected subjects who fulfilled all of the inclusion criteria and who
had none of the exclusion criteria. The health status of each subject was deter-
mined by medical history and by a physical examination (including electrocar-
diogram, blood pressure, and pulse rate) as well as laboratory testing for hepatitis
B virus surface antigen, human immunodeficiency virus types 1 and 2, and
hepatitis C virus antibodies, a complete blood count and serum chemistry, a
urinalysis, and a pregnancy test (for women).

On day 0, after again checking the inclusion and exclusion criteria, the subjects
were randomized into the following groups: group A (n = 12), P-HTIG (500 IU;
batch S3113) and placebo vaccine; group B (n = 12), P-HTIG (500 IU; batch
$3115) and placebo vaccine; group C (n = 12) P-HTIG (500 IU; batch S3113)
and Td vaccine; and group D (n = 12), P-HTIG (500 IU; batch S3115) and Td
vaccine. A pretreatment blood sample for tetanus antibody titration was ob-
tained. All subjects received P-HTIG (500 IU) and one dose of either Td vaccine
or placebo. They were followed for 30 min to detect any immediate reactions.
The subjects were then given a self-monitoring form to record local or systemic
symptoms.

Subjects returned for follow-up visits on days 1, 2, 3, 7, 14, 21, 28, 35, and 42,
during which safety was evaluated and blood samples were obtained. Hemato-
logical and biochemical determinations, as well as urinalysis (as at the screening
visit), also were performed on day 42.

P-HTIG and Td vaccine administration. (i) Products. P-HTIG, vaccine, and
placebo were manufactured by PMC, Lyon, France. The composition of P-HTIG
was as follows: tetanus immunoglobulin, not less than 250 IU/ml; glycine, 20
mg/ml; sodium chloride, 1 mg/ml; and water for injection (up to 1 ml). The
product was presented in a glass ampoule of 1.0 ml. Two batches were compared
in this study: S3113 (batch 1) and S3115 (batch 2).

The composition of the Td adsorbed vaccine was as follows: purified diphthe-
ria toxoid, not less than 2 IU per single human dose; purified tetanus toxoid, not
less than 20 IU per single dose; aluminum hydroxide, a maximum of 1.25 mg;
sodium mercurothiolate (preservative), a maximum of 0.05 mg; and 0.9% sodium
chloride solution, up to 0.5 ml. The product was presented in a glass syringe of
0.5 ml

The composition of placebo was as follows: sodium chloride, 4.15 mg; diso-
dium hydrogenate, 0.065 mg; sodium dihydrogenate, 0.023 mg; and water for
injection, up to 0.5 ml. The product was presented in a glass syringe of 0.5 ml.

(ii) Route of administration. P-HTIG (2 ml; 500 IU [the content of two 1-ml
ampoules of 250 TU each]) was injected slowly into the left deltoid by the
intramuscular route. A single, 0.5-ml dose of Td vaccine or placebo was injected
into the right deltoid muscle by the intramuscular route. Although the packaging
was identical for the adsorbed Td vaccine and the placebo vaccine, there is a
difference in appearance of vaccine and placebo. Thus, to ensure blinding, the
products were administered by a nurse who was not involved in the safety
assessment of subjects.

Determination of tetanus antibody levels. Blood samples (5 ml) for determi-
nation of tetanus antitoxin levels, taken on day 0 (DO0) (just before injection of
immunoglobulin and vaccine) and on D1, D2, D3, D7, D14, D21, D28, D35, and
D42, were collected in dry tubes under sterile conditions. Each sample was
centrifuged (2,000 X g for 15 min at 4°C), and the serum was divided into two
aliquots, correctly labelled, and frozen at —20°C. Antitetanus antibodies in
human serum were assayed by an enzyme-linked immunosorbent assay (ELISA)
procedure (18, 31). A monoclonal, peroxidase-labelled antibody specific for
human antitetanus immunoglobulin G was used. Results were expressed in
international units per milliliter. The sensitivity was 0.006 IU/ml, and the range
of the assay was 0.0015 to 0.05 mIU/ml. Serum was diluted for samples with
antibody concentrations of greater than 0.05 mIU/ml. The coefficient of inter-
assay reproducibility was 20%.

Subjects with a tetanus antibody titer of <0.01 IU/ml were considered to be
not protected; those with a tetanus antibody titer in the range of 0.01 and up to
(but not including) 0.1 IU/ml were considered to have possible, but uncertain,
seroprotection; those with a titer of =0.1 TU/ml were considered to be seropro-
tected (9).

Safety analysis. All immediate reactions occurring within 30 min of injection,
local reactions occurring from 30 min to 72 h after injection, and systemic
reactions occurring from DO to D42 were recorded. During the study, safety
information was collected by the subjects on the self-monitoring form and then
by the investigator at each visit. Subjects were questioned about any adverse
event, and a physical examination was performed. The local and systemic adverse
reactions were classified by severity, date of onset, and duration. Adverse events
were classified according to their severity as mild (i.e., the subject was aware of
the symptoms but they were easily tolerated) or moderate or severe (i.e., they
were discomforting enough to interfere with normal daily activity or to cause
disability). Fever (oral temperature, =37.5°C but <38.5°C or =38.5°C), pain
(tenderness to touch or pain upon movement), erythema, swelling or induration
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TABLE 2. Characteristics of the four study groups at time of inclusion in the study

L, , " Male/female Time since last
Group Age () Ht (em) Wt (ke) ratio tetanus booster (yr)*
A 34.0 £ 10.2 (20-47) 170 = 9.0 (157-185) 70.0 = 9.1 (58-83) 1:1.4 16.9 = 5.5 (10-26)
B 31.0 = 7.3 (21-48) 174 = 6.6 (162-183) 66.0 = 8.7 (54-81) 1:2 17.6 = 6.5 (10-30)
C 36.0 = 4.1 (31-42) 172 + 8.9 (158-187) 72.0 = 13.4 (54-94) 1:1 15.1 £ 3.4 (11-21)
D 30.7 = 5.3 (21-42) 171 £ 7.7 (162-172) 71.1 = 10.3 (59-94) 1:2 17.2 = 6.0 (10-28)

“ Data are expressed as means = SDs (minimum-maximum values) (n = 12 subjects in each group).

(2.5 cm or greater), and regional adenopathy (1 cm or greater) were recorded in
a separate category. Erythema and swelling or induration were measured with a
caliper.

Also recorded were the number and percentage of subjects in each group with
one or more local reactions at the injection site, i.e., pain, erythema, pruritus,
swelling or induration, or regional lymphadenopathy, and the number and per-
centage of subjects presenting with one or more systemic reactions, i.e., urticaria,
rash, malaise, arthralgia, headache, or gastrointestinal disorders such as nausea,
vomiting, diarrhea, or abdominal pain, following treatment.

Pharmacokinetic analysis. Geometric mean titers (GMTs) were calculated by
day of postinjection sampling from individual measurements of levels of tetanus
antibodies in serum for each subject group. The GMT of antibody titers 7, T>,
Ts, . .. Ty was calculated according to the following equation: GMT = antilog (2
log T/N), where T; is the antibody titer for subject i, and N is the number of
subjects with antibody titer. Descriptive data on the levels of tetanus antibodies
in serum were given for the four groups, and evolution curves were obtained with
the 10 datum points obtained on DO to D42.

Since baseline antibody titers were elevated, the effects of P-HTIG (alone or
with Td vaccine) on tetanus antibody titers were not evident from the raw
primary data. Hence, to determine the increase in antibody titers from the
baseline due to the products for each subject, a procedure consisting of the
subtraction of the baseline titers from all postimmunization antibody titers was
carried out.

The following pharmacokinetic parameters were then determined for each
study group by a noncompartmental analysis (1, 2, 5, 13). (i) For the area under
the serum concentration-time curve (AUC), two parameters were used for the
area calculation. AUD is the area under the curve for the concentration-versus-
time profile up to the last quantifiable datum point, i.e., D42. It was calculated
by the linear trapezoidal rule. AUC is the area under the curve extrapolated to
infinity by using the calculated datum point at the last time point of the last
quantifiable concentration according to the equation AUC = AUD + C/k
(where C, is the last quantifiable concentration in serum and k., is the elimination
rate constant). (i) The maximum concentration in serum (Cl,,,) was obtained
directly from the concentration-time profile. (iii) The time to Cy,.x (Tiax) Was
also obtained directly from the concentration-time profile. (iv) The time to reach
titers of 0.01 TU/ml (minimum seroprotective level) and 0.1 IU/ml were also
determined. Apparent clearance and volume of distribution could not be calcu-
lated because of the limited number of datum points. Although the normaliza-
tion and selection processes do not reflect the real evolution of antibody titers in
an individual subject (especially for those subjects with high baseline antibody
levels), a model for the decline in titers to the baseline level with time can be
postulated. Hence, a compartmental analysis with modelization was used to
describe the antibody response after administration of P-HTIG alone or simul-
taneously with Td vaccine. In addition, this model would be useful for forecasting
increases in antibody titers after administration of P-HTIG alone or with vaccine.
This model is described in the appendix.

Statistical analysis. All values are expressed as means *+ standard deviations
(SDs) (or standard errors [SEs] for Fig. 1 and 2). Descriptive analysis was used
for the safety results. The pharmacokinetic calculations were carried out by using
TopFit (12). The weight scheme for the modeling procedure was 1/y* for the
P-HTIG (S3113 or S3115) plus Td vaccine group and 1 for the P-HTIG (S3113
or $3115) plus placebo group. The weighting with 1/y* for the first set of data was
chosen to force the fitting algorithm to consider the small concentrations during
the first 3 days adequately. An unpaired Student’s ¢ test was used only to
determine differences in pharmacokinetic parameters between the two P-HTIG
batches. All statistical evaluations were performed with SAS software (30).

RESULTS

A total of 48 subjects (12 per group) were included in the
study, and all subjects completed the study. Age, height,
weight, male/female ratio, and time since last tetanus booster
(summarized in Table 2) did not differ between groups.

No serious adverse events, in particular, no anaphylactic
reactions, were reported. A subject in group D developed
dizziness and nausea, with symptoms that were of short dura-

tion (8 min) and of mild intensity. Table 3 presents the number
and percentage of subjects with reactions (local and systemic)
after administration of P-HTIG alone or in association with Td
vaccine. Local reaction rates at P-HTIG injection sites were
similar (21% in groups A and C versus 33% in groups B and
D), demonstrating the absence of a batch effect. Pain was the
most frequently reported local reaction. Overall, all local re-
actions to P-HTIG except pruritis occurred within the first day
after the injection; pruritis occurred 34 h after injection in a
subject in group D. All reactions were mild in intensity and,
with one exception (pain persisting for 2.5 days in a subject in
group D), lasted no more than 2 days.

The percentage of subjects with local reactions was markedly
greater in groups given Td vaccine (79% in groups C and D
versus 4% in groups A and B). Again, pain was the most
frequently reported reaction. All these reactions were mild
except in one subject (pain, moderate; group C). Thirteen
reactions (13 of 21; 62%) lasted more than 48 h.

Since there was no difference between the two batches, the
systemic reactions of subjects in groups A and B and those of
subjects in groups C and D were pooled and are summarized in
Table 3. Systemic reaction rates were similar in the P-HTIG
plus Td vaccine group (33%) and in the P-HTIG alone group
(21%). These reactions were mild in all except one subject
(herpes labialis, moderate; group D). Most of the reactions
were reported within the 2 days following injection; all reac-
tions except herpes labialis and ganglion swelling disappeared
within 2 days. Finally, pre- and postimmunization physical ex-
aminations (i.e., vital signs and electrocardiogram on D42) and
clinical examinations revealed no clinically significant abnor-
malities in either group.

The evolution of tetanus antibody titers up to 42 days postin-
jection are presented in Fig. 1 (groups A and B and groups C
and D). Baseline (D0) antibody titers were elevated in the four
groups (range, 0.05 to 10.03 IU/ml). However, 12% of the
subjects had antibody titers below 0.1 IU/ml and were possibly
unprotected. In the groups receiving P-HTIG plus placebo
(groups A and B), the GMT rose from 1.40 = 3.58 IU/ml (DO0)
to a maximum value of 1.63 = 2.96 IU/ml (D2) in group A and
from 1.31 = 7.27 IU/ml (D0) to a maximum value of 1.62 *
3.90 IU/ml (D3) in group B.

Then antibody titers decreased gradually, and by day 28 they
were 1.45 = 3.47 TU/ml in group A and 1.49 * 4.64 TU/ml in
group B. For those given P-HTIG plus Td vaccine (groups C
and D), the GMT rose from 2.23 = 3.36 IU/ml (D0) to a
maximum value of 10.78 = 1.99 IU/ml (D21) in group C and
from 0.63 = 4 TU/ml to 16.49 = 2.31 IU/ml (D14) in group D.
For groups C and D, the slope of the titer curve changed
dramatically between D3 and D7, probably because of anti-
body production in response to the vaccine. The GMT at day
28 was 9.07 = 1.80 IU/ml in group C and 14.92 = 1.76 IU/ml
in group D.

Although the patients had received the last tetanus vaccina-
tion more than 10 years earlier, baseline tetanus antibody titers
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TABLE 3. Numbers of subjects with one or more reactions after administration of P-HTIG alone or in association with Td vaccine

No. (%) of subjects

Mean * SD delay of onset (h)

Duration (h)

Type of reaction, . 5 P-HTIG P-HTIG plus .
site, and reaction P HTIF}Abatc; (1j P HTIGBbachlg_ plus placebo Td vaccine ﬁ l]){ TI}? P-HTIG plus P-HTIG plus P-HTIG plus
(groups_ and L, (groups_ and 15 (groups A and B; (groups A and B; (all batches) Td vaccine placebo Td vaccine
n=124) n = 24) n = 24) n = 24) plus placebo
Local reaction
P-HTIG site
Pain 4(17) 7(29) 6=*065 19 £ 16
Induration or swelling 2(8) 0 45=+7 14+4
Pruritis 1(4) 1(4) 18 £22 9+4
Any local reaction 5(21) 8(33)
TdPVgccine or placebo site L) 19.(79) S 13 100+ 66
ain * +
Pruritis 0 2(8) 27 =28 129 = 181
Redness 0 1(4) 26 150
Any local reaction 1(4) 19 (79)
Systemic reaction
Dizziness 1(4) 0 0.2
Headache 4(17) 4(17) 35 =58 55+ 69 3.6 £2.0 18 £13
Fever 1(4) 133 33
Fatigue 1(4) 23 13
GITD* 3(12) 1518 20 =18
Other reactions” 5(20) 421 + 339 226 + 187
Any systemic reaction 5(21) 8(33)

“ GITD, gastrointestinal tract disorder (see text).

b Other reactions were chills, arthralgia, herpes labialis, and ganglion swelling.
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FIG. 1. Evolution of tetanus antibody titers (mean * SE; log-linear scale)
after administration of P-HTIG plus placebo (groups A and B) (m, n = 24) or
P-HTIG plus Td vaccine (groups C and D) (O; n = 24).

were high and it was difficult to describe the effect of P-HTIG.
Hence, a procedure was used to determine the individual in-
crease in antibodies titers from the baseline due to the admin-
istered products. After this correction, it was expected that the
antibody titers were positive during the entire follow-up pe-
riod. However, the baseline titer was not the lowest value
measured for some subjects, probably because of the masking
effect of assay variability at high baseline concentrations on the
passive titers induced by P-HTIG (from 0.05 to 0.2 IU/ml at
this dose) (8). Since only antibody titer profiles with positive
titers showed the real effects of the administered products, only
these were subjected to a separate, noncompartmental analy-
sis. The number of evaluable subjects (or profiles) was less
than the total number of subjects (placebo groups A and B,
n = 6; Td vaccine groups C and D, n = 13). Figure 2 shows the
evolution of the tetanus antibody titers during the 42-day pe-
riod following immunization for groups A and B and groups C
and D. The two curves have similar profiles until D3 to D7.
There was a high intersubject variability in the response to
P-HTIG injection.

Since no difference in results was found between the two
batches, pharmacokinetic parameters were determined for
groups A and B (P-HTIG plus placebo) combined and for
groups C and D (P-HTIG plus Td vaccine) combined.

The pharmacokinetic results are summarized in Table 4. On
account of the variability of titers, it was difficult to determine
ke, and only AUD was determined for most subjects in all of
the groups. In addition, for those receiving immunization with
vaccine, AUC was not relevant because it is very difficult to
determine the long-term elimination of antibodies; hence, only
AUD is given. In the P-HTIG plus placebo group, C,,,., was
0.313 = 2.49 IU/ml and T,,,, was 4.46 = 1.92 days. In the

max

P-HTIG plus Td vaccine group, C,,,, was 15.2 = 2.42 TU/ml
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FIG. 2. Evolution of tetanus antibody titers (mean = SE; log-linear scale;
data normalized) after administration of P-HTIG plus placebo (groups A and B)
(m; n = 6) or P-HTIG plus Td vaccine (groups C and D) (O; n = 13).

and T,,,, was 18.80 = 1.40 days. The times to reach the set
concentration threshold (0.01 or 0.1 TU/ml) were similar for
the two groups (P-HTIG plus Td vaccine or P-HTIG plus
placebo). The times to reach the threshold of 0.01 IU/ml (min-
imum seroprotective level) were 1.12 = 1.32 days (range, 1 to
2 days) for the P-HTIG plus placebo group and 1.00 day for the
P-HTIG plus Td vaccine group. The times to reach the thresh-
old of 0.1 TU/ml were 1.64 * 1.62 days (range, 1 to 3 days) for
the P-HTIG plus placebo group and 1.47 = 2.13 days (range,
1 to 7 days) for the P-HTIG plus Td vaccine group. The
distribution of subjects according to antibody titer classes (con-
sidering an absence of antitetanus antibodies at baseline) dur-
ing the first 3 days after immunization was evaluated (Table 5).
One hundred percent of subjects had minimum seroprotective
levels (antibody titers, =0.01 IU/ml) after 2 days, while nearly
80% of subjects in both groups had seroprotective levels (an-
tibody titers, =0.1 IU/ml) after 3 days.

To describe the antibody response after administration of
P-HTIG alone or simultaneously with Td vaccine, a compart-
mental analysis with modelization was used. Fig. 3 presents the
evolution, calculated according to the models described above,
for the tetanus concentration evolution profiles for the two
groups. During the first 6 days postinjection, the two curves
were similar, and then the slope of the curve changed dramat-
ically in the Td vaccine group, corresponding to the vaccine
response. It was not possible to obtain values of this parameter
for the Td vaccine group because of the brief period of eval-
uation. The values of C,,,, and T,,,, were close to the previous
values; the values of C,,,, and T,,,, were 0.19 TU/ml and 3.57
days, respectively, for the P-HTIG plus placebo group (groups
A and B) and 13.1 IU/ml and 19 days, respectively, for the
P-HTIG plus Td vaccine group (groups C and D).

Antidiphtheria antibody titers were also determined, and the

TABLE 4. Mean pharmacokinetic parameters based on normalized data for P-HTIG plus placebo and P-HTIG plus Td vaccine groups

Group AUD,,_, (IU - day/ml)** Cnax (IU/ml)*

Time (days) to the following antibody level®
Trpax (days)”

0.01 TU/ml 0.1 TU/ml

P-HTIG plus placebo
P-HTIG plus Td vaccine

6.11 * 2.56 (2.11-27.8)
390 * 2.26 (79-1,263)

0.313 = 2.49 (0.089-1.12)
15.2 = 2.42 (3.20-67.8)

446 + 1.92 (3-14)
18.8 = 1.41 (14-42)

1.12 *+ 1.32 (1.00-2.00)
1.00 = 0.00

1.64 + 1.62 (1.00-3.00)
1.47 + 2.13 (1.00-7.00)

¢ Values are means = SDs (minimum maximum values).
> AUD,,_,, AUD from time zero to time ¢
¢ Values are means = SDs (days).
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TABLE 5. Distribution of normalized antibody titers from D1 to D3 postinjection in P-HTIG plus placebo group (groups A and B) and P-
HTIG plus Td vaccine group (groups C and D)

No. of subjects with the following antibody

% Subjects % Subjects

Gro_up arlc! da}/ after titer (IU/ml): Total.no. with titer with titer
immunization of subjects
<0.01 0.01-0.1 =0.1 of =0.01 of =0.1

Groups A and B (n = 6)

D1 1 3 2 6 83 33

D2 0 2 4 6 100 66

D3 0 1 5 6 100 83
Groups C and D (n = 13)

D1 0 3 10 13 100 77

D2 0 5 8 13 100 62

D3 0 3 10 13 100 77

percentage of subjects with protective antibody titers (i.e.,
=(.1 IU/ml) increased from a baseline value of 42% to a value
of 83% 42 days after vaccination.

DISCUSSION

To our knowledge, the clinical trial described here is the first
to characterize the pharmacokinetic profile of human tetanus
immunoglobulin (HTIG) and Td vaccine in combination in
humans. In addition, we examined the safety of the new P-
HTIG by thorough evaluation both of local reactions (during
the 3 days following each injection) and of systemic reactions
(during the entire course of the study, i.e., up to 42 days
postinjection). There were no severe adverse events, particu-
larly no case of immediate anaphylactic shock or late serum
sickness reaction, reported after administration of the 500-IU
dose of P-HTIG (the highest recommended dose). Fewer local
reactions occurred at the P-HTIG injection site than at the Td
vaccine injection site, and those were mild and short-lived.
Rates of systemic reactions were similar in the four study
groups. These reactions were mild and lasted no more than 2
days.

It is difficult to compare the adverse reaction rates of HTIG
among different studies due to the variability in study designs.

Even though all subjects received their last tetanus booster
dose more than 10 years prior to the start of the study, some
high preimmunization antibody titers were found (range, 0.05

102 £102
10! Lg!
10° L0
1

B 2473073373639 42 '[510_2

Time after immunization (day)

FIG. 3. Calculated tetanus concentration profile (log-linear scale; data nor-
malized) following administration of P-HTIG alone (lower curve) or P-HTIG
with Td vaccine (upper curve). Calculated as described in the text with the
following values for the parameters: k., = 0.0246, ko, = 15, k, = 8.65, k;, = 0.175,
tiae = 0.865 days, #1,,; = 0.298 days, and f,,,, = 6.05 days.

to 10.03 IU/ml). After treatment, serum tetanus antibody con-
centrations were above protective levels during the entire 42-
day period of evaluation. There was a marked intersubject
variability in the response to P-HTIG injection, which can be
partially attributed to the variability of the titration method.
However, we applied a procedure for determining the individ-
ual increase in antibody titers from the baseline due to the
administration of P-HTIG either alone or in association with
Td vaccine.

The evolution of the tetanus antibody titers in the group that
received P-HTIG alone and in the group that received P-HTIG
plus Td vaccine was similar until D3 to D7. Likewise, model-
ization of antibody titers clearly showed similar profiles in the
two groups until the seventh day. Our results demonstrate the
absence of an early antitoxin response to the tetanus booster,
similar to previous observations (23, 28, 33). We estimate that
the formation of antibodies in response to vaccination occurs
at about day 6. (An exact prediction cannot be made because
of insufficient data between days 3 and 7.) Thus, treatment of
tetanus-prone wounds with immunoglobulin is crucial, espe-
cially in light of the fact that the incubation period of tetanus
can be as short as 3 to 4 days (27).

As aresult of P-HTIG, 83% of subjects in the placebo group
and 100% of subjects in the Td vaccine group reached the
minimum seroprotective level (i.e., 0.01 IU/ml) by D1. Almost
80% of subjects in either group reached the 0.1 IU/ml tetanus
antibody level after D3. The antibody titer most commonly
considered to be seroprotective for tetanus is 0.01 IU/ml, but
seroprotective levels probably vary between 0.01 and 0.1 TU/ml
(17, 25).

Tetanus has been described in patients possessing antibody
levels above 0.01 IU/ml (10, 22). In addition, the sensitivity of
assay methods differs, because a tetanus antitoxin level of 0.01
IU/ml determined by in vivo assays such as the neutralization
assay corresponds to a higher level of antibody determined by
an in vitro assay, such as ELISA (9). A tetanus antibody titer
of 0.1 IU/ml by ELISA is thus a safe estimate of seroprotection
(7, 9).

Administration of the antigen and its antibodies simulta-
neously could lead to mutual neutralization. Comparative
studies of simultaneous and deferred injection of tetanus vac-
cine and HTIG at a low dose of 250 IU (prophylaxis) (16, 28)
or at a high dose of 45,000 IU (therapy) (36) do not show any
statistically significant differences in the quality of the active
immune response. However, Levine et al. (15) observed that
concurrent administration of HTIG and vaccine induced a
delay in the response to the vaccine. A study involving 119
healthy adults between 20 and 40 years of age with previous
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FIG. Al. Combined model for groups A and B.

histories of vaccination against tetanus (7) found reduced tet-
anus antibody titers after the simultaneous administration of
HTIG and Td vaccine. However, the percentage of protective
seroprevalence levels (>0.1 IU/ml) was unchanged.

In our study, there was a 10-fold rise in antitetanus antibody
titers (unnormalized) from DO to D28 (1.2 to 11.6 IU/ml, on
average), which is similar to the rise found in a previous study
with Td vaccine alone (11). On the basis of previous results
(32) and on the average antibody titer of 10 IU/ml reported at
D42 in our study, we anticipate that antibody levels will persist
above 0.1 IU/ml for at least 20 years. Thus, if an interference
between P-HTIG and Td vaccine exists, it has no clinically
detectable effects. In addition, the postimmunization diphthe-
ria antibody levels were satisfactory.

Although calculation of the elimination half-life of normal-
ized antibody titers was not completely relevant in this study,
we found a value of 28 days, which is in agreement with pre-
viously reported values (29, 34). The half-life of P-HTIG is
much longer than that reported for antibodies of equine origin
(7 to 14 days) (16, 34). All subjects in the P-HTIG group alone
had protective antibody titers during the follow-up, which cov-
ered the therapeutic window, when a delay in the response to
the vaccine may occur, such as among elderly (14) or unim-
munized (20) people.

In conclusion, the new P-HTIG has a good safety profile. It
induces seroprotective levels of tetanus antibodies beginning 1
to 2 days postadministration. No clinically significant interfer-
ence with Td vaccine was reported. P-HTIG can be safely used
for the effective management of tetanus-prone wounds.

APPENDIX

The log-linear plot of the concentration data shows a linear decline
in the time interval after reaching a maximum value, suggesting that
only a single distribution or elimination phase is detectable. Thus, a
one-compartment open model was used to describe the distribution or
elimination for both data sets. Differences between the curves are
apparent until the maximum titers are reached. For groups A and B
(P-HTIG plus placebo), a rapid increase in antibody concentration could
be observed. Therefore, a simple, monoexponential input function was
chosen. The combined model for groups A and B is shown in Fig. Al.

The parameters of the model for groups A and B (shown in Fig. A1)
are k, = ko, (absorption rate constant), #,,, (associated lag time), and
ke, where 1 is the central compartment (site of measurement) and 0 is
the absorption compartment. The model is described by a Bateman
function, as follows:

k k
— Yy . a v ko (t—t1ag) a . pkel* (t—tiag)
Ci=yo ((kel—k» ¢ Tk ko) C >

For groups C and D (P-HTIG plus Td vaccine), an initial increase in
titers similar to that for groups A and B could be observed within the
time interval of D1 to D3. On D7, a further increase in titers led to
maximum concentrations approximately 20 days after treatment.
Therefore, an input function with two separate pathways was chosen
for this data set. The combined model is shown in Fig. A2.

The parameters of the model for groups C and D (shown in Fig. A2)
are k, (absorption rate constant for first pathway), #,,,; (associated lag
time), k;, (absorption rate constant for second pathway), 7., (associ-
ated lag time), k,; (absorption rate common for both pathways), and
key; 1 is the central compartment (site of measurement) and A, B, and
0 are the absorption compartments.

The model is described by a sum of two functions, one for each
pathway, C, = Ca, + Cb,, with

ANTIMICROB. AGENTS CHEMOTHER.

FIG. A2. Combined model for groups C and D.

ka : kOl k
= ege| ——— % o p—ka (t = tag)
e [(km “k) k=)
+ k“ ) km —kot * (¢t = tagt)

(ka = koy) * (key — koy) e

ke * ko £ ]
+ o p—ket* (t = tiagr)
(g — k) - Gy — k)~
_ ky - Koy —kp+ (t — tag2)
b=yt [(k01 — k) + ket — k) e
ki ko

—koi * (t = tiag2)

+ - .
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